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NMR MEASURING SYSTEM 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

This application claims the bene?t of the ?ling date of 
US. Provisional Application Ser. No. 60/471,125, ?led May 
16, 2003, Which is incorporated herein by reference. 

FIELD OF THE INVENTION 

The invention relates to non-contact check Weighing of 
samples using NMR techniques. 

BACKGROUND 

The nuclei of atoms that have a magnetic moment Will 
have sharply de?ned frequencies of nuclear oscillation in a 
strong magnetic ?eld (Larmor frequency). The frequency of 
oscillation of each atomic nucleus Will depend on its mass, 
its dipole moment, the chemical bonding of the atom, the 
atom’s environment (Which Will be affected by electromag 
netic coupling to other atoms in the vicinity), and the 
strength of the magnetic ?eld seen by the atom. Thus, the 
frequency of oscillation Will be characteristic, not only of the 
various atomic species, but also of their molecular environ 
ments. By resonantly exciting these oscillations, the atomic 
species and their environments can be determined With 
accuracy. This phenomenon is knoWn as “nuclear magnetic 
resonance,” or NMR. 

If a pulse of RF energy is applied at a resonance frequency 
of atoms of a particular species and environment (eg 
hydrogen atoms in a Water environment), the atomic nuclei 
of this type and environment Will resonantly be excited, and 
Will later make a transition back to a loW state of excitation. 
This transition is accompanied by emission of a radio 
frequency signal, at the excitation frequency or a knoWn 
loWer frequency. The signal is knoWn as the Free Induction 
Decay (FID) The amplitude and the shape of this FID-curve 
is related to the amount of nuclei involved in the process and 
to speci?c conditions and properties of the atoms in relation 
to the environment. 

The use of NMR techniques in measurement, detection 
and imaging has become desirable in many scienti?c ?elds 
of endeavor. The non-invasive, non-destructive nature of 
NMR has facilitated application to industrial 
instrumentation, analysis and control tasks. 

Almost every element in the periodic table has an isotope 
With a non-Zero nuclear spin. This spin causes the nuclei to 
be magnetically active. Among magnetically active nuclei, 
NMR can only be performed on isotopes Whose natural 
abundance is high enough to be detected. Commonly 
encountered magnetically active nuclei are 1H, 13C, 19F, 
23Na, and 31R The most common is 1H, Which also possesses 
the largest magnetic moment, rendering it most advanta 
geous for the performance of NMR spectroscopy. 
Upon application to a sample of a static magnetic ?eld, 

B0, sample nuclear spins align With the ?eld, parallel to the 
direction of the ?eld. The magnetic moments can align 
themselves either parallel (NSNS) or antiparallel (NNSS) to 
the static ?eld. Alignment parallel to the static ?eld is the 
loWer energy state and alignment against the ?eld is the 
higher energy state. At room temperature, the number of 
nuclei having spins in the loWer energy level, N", slightly 
outnumbers the number in the upper level, N'. BoltZmann 
statistics provides that 

5 

15 

25 

35 

40 

45 

55 

65 

2 
Where E is the energy difference betWeen the spin states; k 
is BoltZmann’s constant, 1.3805><10_23 J/Kelvin; and T is 
the temperature in Kelvin. As the temperature decreases, so 
does the ratio N_/N+. As the temperature increases, the ratio 
approaches unity. 
OWing to the slight imbalance of nuclei having spins at 

the higher state, a sample in a static magnetic ?eld Will 
exhibit a magnetiZation parallel to the static ?eld. Magne 
tiZation results from nuclear precession (relaxation) around 
the static magnetic ?eld. The frequency of this precession 
depends on the strength of the static magnetic ?eld, and is 
de?ned as: 

v=vB, (2) 

Where B is the magnetic ?eld strength and Gamma is the 
gyromagnetic ratio of at least one atom, typically hydrogen, 
in the sample material. The gyromagnetic ratio is related to 
the magnetic moment of the nucleus under analysis. The 
gyromagnetic ratio of protons is 42.57 MHZ/Tesla. The 
frequency thus measured is knoWn as the Larmor frequency, 
v, Which can be conceptualiZed as the rate of precession of 
the nucleus in the static magnetic ?eld or the frequency 
corresponding to the energy at Which a transition betWeen 
the upper and loWer states can take place. 
The fundamental NMR signal is derived by inducing 

transitions betWeen these different alignments. Such transi 
tions can be induced by exposing a sample to the magnetic 
component of an RF (radio frequency) signal, typically 
generated by an RF coil. When the magnetic component is 
applied perpendicularly to the magnetic ?eld a resonance 
occurs at a particular RF frequency (identical to the preces 
sion frequency, the Larmor frequency), corresponding to the 
energy emitted or absorbed during a transition betWeen the 
different alignments. When a strong magnetic ?eld, such as 
in the range of 0.1—2 Tesla (1 T=10,000 Gauss) is used, this 
resonance typically occurs in the megahertZ frequency 
range, corresponding to FM radio. Hence the radiation is 
knoWn as Radio Frequency (RF) radiation. 

The signal in NMR spectroscopy results from the differ 
ence betWeen the energy absorbed by the spins Which make 
a transition from the loWer energy state to the higher energy 
state, and the energy emitted by the spins Which simulta 
neously make a transition from the higher energy state to the 
loWer energy state. The signal is thus proportional to the 
population difference betWeen the states. NMR spectroscopy 
gains its high level of sensitivity since it is capable of 
detecting these very small population differences. It is the 
resonance, or exchange of energy at a speci?c frequency 
betWeen the spins and the spectrometer, Which gives NMR 
its sensitivity. 

Pulsed NMR spectroscopy is a technique involving a 
magnetic burst or pulse, Which is designed to excite the 
nuclei of a particular nuclear species of a sample being 
measured after the protons of such sample have ?rst been 
brought into phase in an essentially static magnetic ?eld; in 
other Words the precession is modi?ed by the pulse. 
Typically, the direction of the static magnetic ?eld, B0, is 
thought of as being along the Z-axis in three-dimensional 
space. At equilibrium, the net magnetiZation vector lies 
along the direction of the applied magnetic ?eld B0 and is 
called the equilibrium magnetiZation MO. In this 
con?guration, the Z component of magnetiZation MZ equals 
M0. M2 is referred to as the longitudinal magnetiZation. 
There is no transverse (Mx or My) magnetiZation in such a 
case. 

It is possible to change the net magnetiZation by exposing 
the nuclear spin system to energy of a frequency equal to the 
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energy difference between the spin states. If enough energy 
is put into the system, it is possible to saturate the spin 
system and make MZ=0. The time constant, Which describes 
hoW MZ returns to its equilibrium value, is called the spin 
lattice relaxation time (T1). The equation governing this 
behavior as a function of the time t after its displacement is: 

Mz=M@(1-@’” T1) (3) 

T1 is therefore de?ned as the time required to change the Z 
component of magnetiZation by a factor of e. Hence, at t=T1, 
MZ=0.63 MO. In order to properly perform repeated 
measurements, Which is necessary in order to reduce back 
ground noise and enhance signal quality, MO should be 
alloWed to return to M2. In other Words, the longitudinal 
magnetiZation MZ, Which equals Zero upon saturation, 
should be alloWed to fully return to the +Z direction and 
attain its equilibrium value of MO. While this theoretically 
Would take forever, (i.e., folloWing saturation, MZ=MO When 
t=OO), it is generally considered sufficient When MZ=0.99 MO, 
Which occurs When t=5T1. This places time constraints on 
the speed at Which a sample may be measured multiple times 
or the overall throughput of samples through an interroga 
tion Zone. 

If the spin system is oversaturated, forcing the net mag 
netiZation into the —Z direction, it Will gradually return to its 
equilibrium position along the +Z axis at a rate also gov 
erned by T1. The equation governing this behavior as a 
function of the time t after its displacement is: 

MEM. (1-25”) <4) 

The spin-lattice relaxation time (T1) is the time to reduce the 
difference betWeen the longitudinal magnetiZation (M2) and 
its equilibrium value by a factor of e. Here, too, an elapsed 
time of t=5 T1 is required in order for M2 to return to a value 
of 0.99 MO, placing a similar time constraint on sample 
throughput. 

If the net magnetiZation is rotated into the XY plane by a 
90° pulse, it Will rotate about the Z-axis at a frequency equal 
to the frequency of a photon, having the energy correspond 
ing to a transition betWeen the tWo energy levels of the spin. 
This frequency is called the Larmor frequency. In addition 
to the rotation, the net magnetiZation, noW in the XY plane, 
starts to dephase because each of the spin packets making it 
up is experiencing a slightly different magnetic ?eld and 
hence rotates at its oWn Larmor frequency. The longer the 
elapsed time, folloWing the pulse, the greater the phase 
difference. If the detector coil is sensitive to measurements 
of ?elds in the X-direction alone, the dephasing results in a 
decaying signal, eventually approaching Zero. The time 
constant, Which describes this decay of the transverse 
magnetiZation, MXY, is called the spin-spin relaxation time, 
T2. 

MXY=MXYDeTUT2 (5) 

T2 is alWays less than or equal to T1. The net magnetiZation 
in the XY plane goes to Zero While the longitudinal mag 
netiZation groWs until MO returns to the +Z direction. Any 
transverse magnetiZation behaves the same Way. 

The spin-spin relaxation time, T2, is the time to reduce the 
transverse magnetiZation by a factor of e. The difference 
betWeen spin-lattice relaxation and spin-spin relaxation is 
that the former Works to return M2 to M0, While the latter 
Works to return MXY to Zero. T1 and T2 Were discussed 
separately above, for clarity. That is, the magnetiZation 
vectors are considered to ?ll the XY plane completely before 
groWing back up along the Z-axis. Actually, both processes 
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4 
occur simultaneously, With the only restriction being that T2 
is less than or equal to T1. 
TWo factors contribute to the decay of transverse 

magnetiZation—(1) molecular interactions (said to lead to a 
pure T2 molecular effect), and (2) variations in B0 (the 
applied static ?eld), said to lead to an inhomogeneous T2 
effect. The combination of these tWo factors is What actually 
results in the decay of transverse magnetiZation. The com 
bined time constant is called “T2 star” and is given the 
symbol T2*. The relationship betWeen the T2 from molecu 
lar processes and that from inhomogeneities in the magnetic 
?eld is 

1/T2*=1/T2+1/T2mh (6) 

The source of the inhomogeneities can be natural ?uctua 
tions in a ?eld, or imperfections in the magnets generating 
the ?eld or magnetic contaminants, such as iron or other 
ferromagnetic metals. 

In practice, to actually measure a sample using NMR, a 
sample is ?rst placed in a static magnetic ?eld, B0, Which is 
the interrogation Zone of the instrument. Next, a magnetic 
pulse is applied, Which rotates the magnetiZation vector to a 
desired extent, typically 90° or 180°. A 90° pulse, for 
example, rotates the magnetiZation vector from the 
Z-direction into the XY plane resulting in transverse 
magnetiZation, MXY, as discussed above. After the applica 
tion of the pulse, there occurs a free induction decay (FID) 
of the magnetiZation associated With the excited nuclei. 

Traditional Fourier Transform analysis transforms a time 
domain spectrum (amplitude of magnetiZation vectors vs. 
time) into a frequency domain spectrum (frequency vs. 
relative amplitude), Which separates individual frequencies 
out of a multiphase spectrum. This separation can be used to 
advantage in studying the nuclei of interest. The duration of 
the pulses, the time betWeen the pulses, the pulse phase 
angle and the composition of the sample are parameters, 
Which affect the sensitivity of this technique. 

International Patent Application No. WO9967606, incor 
porated herein by reference as if fully Written out beloW, 
describes a check Weighing system for samples on a pro 
duction line, including a magnet for creating a static mag 
netic ?eld over an interrogation Zone to create a net mag 
netiZation Within a sample located Within the interrogation 
Zone, and an RF coil for applying an alternating magnetic 
?eld over the interrogation Zone to cause excitation of the 
sample according to the principles of NMR. 
The use of NMR for techniques for check Weighing 

samples on a production line encounters a variety of 
dif?culties, including but not limited to the presence of 
interfering species such as metal particles either Within the 
sample container or elseWhere in the system, effects of 
temperature on the magnet or electronics, humidity in the 
sample or system, and mechanical instability of the contain 
ers. 

It Would be desirable to provide a system and method for 
identifying and/or compensating for the above noted poten 
tial sources of imprecise measurements for an NMR sample 
check Weighing system. 

SUMMARY 

The method relates to check Weighing material contained 
in a container, Which is passing along a product ?lling or 
production line, by nuclear magnetic resonance (NMR) 
techniques. 
Many pharmaceuticals are packed in the form of blister 

packages. Optical techniques are used to determine 
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presence, shape or color of the pills being packaged. With 
NMR techniques it is possible to determine the Weight and 
even quality of the contents of this package. 

The method provides means and methods for providing 
smooth transport of mechanically unstable containers 
through the NMR interrogation Zone. 
An improvement is provided in a magnetic resonance 

method for determining at least one property of multiple 
samples in a ?lling or production line, comprising: 

applying a ?rst magnetic ?eld in a ?rst direction in an 
interrogation Zone for creating a net magnetisation Within a 
sample located Within the interrogation Zone; 

applying an alternating magnetic ?eld in a second direc 
tion in the interrogation Zone for temporarily changing the 
net magnetisation of the sample located Within the interro 
gation Zone; and 

monitoring energy emitted by the sample as the net 
magnetisation of the sample returns to its original state and 
generating an output signal having a characteristic Which is 
proportional to the energy emitted; 
characterised by: 

introducing multiple samples into the interrogation Zone 
simultaneously; 

applying a gradient magnetic ?eld to the interrogation 
Zone Wherein different positions Within the interrogation 
Zone are sensitive to different speci?c frequencies; 

monitoring energy emitted by the samples in the different 
positions and generating an output signal having a charac 
teristic Which is proportional to the energy emitted corre 
sponding thereto in different frequency bands; and, 

attributing the signals to speci?c positions and samples, 
and comparing the output signal characteristics of the spe 
ci?c positions and samples With like data obtained from at 
least one similar sample to provide an indication of the 
corresponding property of the samples. 
An improvement is further provided in a magnetic reso 

nance method for determining at least one property of a 
sample in a ?lling or production line, Wherein the sample is 
contained in a mechanically unstable container, comprising: 

applying a magnetic ?eld in a ?rst direction in an inter 
rogation Zone for creating a net magnetisation Within a 
sample located Within the interrogation Zone; 

applying an alternating magnetic ?eld in a second direc 
tion in the interrogation Zone for temporarily changing the 
net magnetisation of the sample located Within the interro 
gation Zone; and 

monitoring energy emitted by the sample as the net 
magnetisation of the sample returns to its original state and 
generating an output signal having a characteristic Which is 
proportional to the energy emitted; 
characterised by: 

inducing mechanical stability to the container for move 
ment through the interrogation Zone. 

Stability can be induced by providing pockets to hold the 
containers, optionally including placing and removing 
means; guiding the containers in a scrolling helical transport 
structure; carrying the containers in an array, optionally in a 
cassette system; adapting a conveyor belt to hold the con 
tainers While being transported through the interrogation 
Zone; or feeding the containers through the interrogation 
Zone Without any inter-distance. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic vieW of a production line With an 
NMR check Weighing station for checking that each con 
tainer passing through the Weighing station has the desired 
amount of product. 
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FIG. 1a diagrammatically illustrates the form of a check 

Weighing station according to an alternative embodiment in 
Which a magnetic ?eld gradient is applied over an interro 
gation Zone. 

FIG. 1b diagrammatically illustrates an alternative check 
Weighing station. 

FIG. 1c illustrates a further check Weighing station. 
FIG. 1a' illustrates another check Weighing station. 
FIG. 16 is a schematic plan vieW of a production line With 

an NMR check Weighing station 

FIG. If is a block diagram of excitation and processing 
electronics that form part of and control the check Weighing 
station shoWn in FIG. 1. 

FIG. 2 is a photograph of a conveyer line leading to an 
NMR probe Within an enclosure having an access port to the 
interrogation Zone for containers of samples for measure 
ment. 

FIG. 3A is a cross-sectional bottom plan vieW of the NMR 
probe containing compartment (or enclosure) With the con 
veyor belt return outside the probe. 

FIG. 3B is a cross sectional side elevation vieW of the 
NMR probe containing compartment With the conveyor belt 
extending through the interrogation Zone. 

FIG. 3C is a plan vieW of the conveyor belt With in-feed 
and intermediate Wheels to place vials of sample onto and 
remove vials of sample from the belt. 

FIG. 4A is a cross-sectional bottom plan vieW of the NMR 
probe containing compartment With the conveyor belt return 
outside the probe. 

FIG. 4B is a cross sectional side elevation vieW of the 
NMR probe containing compartment With the conveyor belt 
extending through the interrogation Zone With Wheels for 
counter-?exing the conveyor belt to eliminate belt speed 
?uctuations. 

FIG. 5A is a side elevation vieW of a conveyor belt 
holding a vial betWeen polymeric spacers held by polymeric 
pins, engaging a drive or return Wheel With timing holes for 
the pins of the belt. 

FIG. 5B is a transverse cross sectional vieW of the 
conveyer belt and its under guide shoWing a vial held in the 
belt. 

FIG. 6 is a schematic vieW of a conveyor belt engaging an 
in-feed Wheel using spacers for exact vial positioning. 

FIG. 7A is a schematic vieW of a conveyor belt engaging 
an in-feed Wheel. 

FIG. 7B is a side elevation vieW of a conveyor belt 
holding a ampule betWeen polymeric spacers held by poly 
meric pins, engaging a drive or return Wheel With timing 
holes for the pins of the belt. 

FIG. 7C is a transverse cross sectional view of the 
conveyer belt and its under belt guide shoWing an ampule 
held in the belt. 

FIG. 8A is a schematic vieW of a conveyor belt, engaging 
an in-feed Wheel, using spacers for exact ampule positioning 
betWeen necks of adjacent spacers With a side guard to 
prevent the ampules from falling out of the carrier. 

FIG. 8B is a side elevation vieW of a conveyor belt 
holding an ampule betWeen polymeric spacers held by 
polymeric pins, engaging a drive or return Wheel With timing 
holes for the pins of the belt and spacers for exact ampule 
positioning betWeen necks of adjacent spacers With a side 
guard to prevent the ampules from falling out of the carrier. 

FIG. 9A is a schematic vieW of a conveyor belt, engaging 
an in-feed Wheel, using pins spacers for exact syringe 
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positioning between necks of adjacent spacers With a side 
guard to prevent the syringes from falling out of the carrier. 

FIG. 9B is a side elevation vieW of a conveyor belt 
holding a syringe betWeen polymeric spacers held by poly 
meric pins, engaging a drive or return Wheel With timing 
holes for the pins of the belt and spacers for exact syringe 
positioning betWeen necks of adjacent spacers With a side 
guard to prevent the syringes from falling out of the carrier. 

FIG. 10A is a cross-sectional bottom plan vieW of the 
NMR probe containing compartment With the conveyor belt 
return outside the probe. 

FIG. 10B is a cross sectional side elevation vieW of the 
NMR probe containing compartment With the conveyor belt 
extending through the interrogation Zone carrying containers 
or packages (such as cassettes) of multiple syringes. 

FIG. 10C is a schematic vieW of a sideWard in-feed and 
out-feed of cassettes of multiple syringes onto the belt. 

FIG. 11 is a graph shoWing a polarisation curve compar 
ing relative magnetiZation to time in fractions of T1. 

DETAILED DESCRIPTION 

The present methods relate to check Weighing material 
contained in a container, Which is passing along a production 
line, by nuclear magnetic resonance (NMR) techniques. As 
one example, check Weighing is used by the pharmaceuticals 
industry for the monitoring and regulation of the amount of 
a drug in a sealed glass vial during ?lling. The drug Weight 
can be as small as a fraction of a gram, and is required to be 
Weighed With an accuracy of a feW percent or better, in a vial 
Weighing tens of grams at a rate of several Weighings per 
second. Conventionally, to obtain the required accuracy, it is 
necessary to remove the vials from the production line and 
to Weigh them on precision balances both before and after 
?lling in order to take into account the Weight of the 
container. Because this is time-intensive, only a fraction of 
the product can be tested. If deviations from expected values 
are detected, a large batch of product can be Wasted before 
the problem is identi?ed. As the vial must be Weighed both 
before and after ?lling, the Weighing must be performed in 
an aseptic environment betWeen ?lling and sealing. 
An NMR apparatus for determining the mass of a sample 

generally may comprise means for generating a static mag 
netic ?eld in a ?rst direction in the sample; means for 
applying an alternating excitation magnetic ?eld in a second 
different direction in the sample; means for sensing energy 
emitted by the sample in response to the excitation magnetic 
?eld and for outputting a signal in dependence thereon; and 
means for comparing the signal output by said sensing 
means With stored calibration data to provide an indication 
of the mass of the sample. Such an apparatus can be used 
on-line in a product ?lling line. It can provide a non 
contacting measure of the mass of the contents of a container 
independently of the container mass, if the container is made 
of a material Which is not responsive to NMR, and is useful 
for determining the mass of small quantities of sample such 
as samples Weighing betWeen 0.1 grams and 10 grams Which 
may be contained in glass containers of 20 grams or more, 
providing an indication of mass and not Weight of the 
sample. 

The apparatus can be used to measure the contents of a 
container by ?lling the container With the predetermined 
amount of sample; transporting each of the ?lled containers 
to a Weighing station; Weighing the sample Within each of 
the containers; sealing the sample Within the container; and 
rejecting any containers Which do not contain the predeter 
mined amount of sample Within a predetermined tolerance. 
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The Weighing of the sample includes generating a static 
magnetic ?eld in a ?rst direction in an interrogation Zone for 
creating a net magnetiZation Within a sample located Within 
the interrogation Zone; applying a pulse of alternating mag 
netic ?eld in a second different direction in the interrogation 
Zone for temporarily changing the net magnetiZation of the 
sample located Within the interrogation Zone; sensing energy 
emitted by the sample as the net magnetiZation of the sample 
returns to its original state and outputting a signal in depen 
dence thereon; and comparing the signal output by the 
sensing step With calibration data Which relates the mass of 
at least one similar sample of knoWn mass to the corre 
sponding signal output by the sensing step, to provide the 
indication of the mass of the sample Within each container. 

In addition to pharmaceuticals, such an apparatus and 
method can be used in a variety of applications, including 
but not limited to cosmetics, perfumes, industrial chemicals, 
biological samples and food products. It can measure high 
value products Where 100% sampling can reduce Wastage, 
and can be used to determine the mass of samples that are 
in solid form, in poWder form, in liquid form and in gas 
form, or any combination thereof. 

FIG. 1 shoWs a portion of a production line, Which ?lls 
glass vials 1 With a drug sample. Included is a Weighing 
station 3 that is provided “in-line” for Weighing each of the 
?lled vials that pass therethrough, and a reject station 5 that 
removes those vials from the line that do not have the 
suf?cient amount of the drug to meet product speci?cations. 
The vials 1 are transported to the Weighing station 3 from a 
?lling (and optionally sealing) station (not shoWn) by a 
conveyor belt 7 Which, as represented by the arroW 9, moves 
in the Z direction through the action of rotating conveyor 
Wheels 11. The Weighing station uses NMR techniques to 
determine the mass of the drug sample Within each of the 
glass vials 1. As those skilled in the art Will appreciate, glass 
vials are useful as the container, because they do not give a 
signal that might interfere With the measurement process. In 
this embodiment, the Weighing station 3 comprises a per 
manent magnet 13, an RF coil 15 and a computer control 
system 17. The magnet 13 is creates a homogeneous direct 
current (DC) or static magnetic ?eld in the x direction across 
the conveyor belt 7. The sample in the glass vial contains 
nuclei Which each possess a magnetic moment, e.g. 1H 
nuclei (protons). This magnetic moment, discussed above, is 
a result of the spin of the nuclei. 

In most NMR systems, the static magnetic ?eld strength 
is such that the Larmor frequency of the sample is in the 
radio frequency range of the electromagnetic spectrum. 
Applying an alternating current (AC) magnetic ?eld to the 
sample at the sample’s Larmor frequency and orientated 
orthogonal to the static magnetic ?eld, Will cause the sam 
ple’s net magnetiZation to rotate about the AC magnetic 
?eld’s axis, aWay from the direction of the static ?eld. In this 
embodiment, this magnetic ?eld is generated by applying a 
corresponding AC current to the RF coil 15. The angle of 
rotation of the net magnetiZation can be varied by varying 
the amount of energy delivered to the RF coil 15. 

In this exempli?ed embodiment, an excitation ?eld that 
causes a 90° rotation is used to excite the sample. After the 
90° pulse has been applied to the sample, the sample is left 
in a high-energy, non-equilibrium state, from Which it Will 
relax back to its equilibrium state. As it relaxes, electromag 
netic energy at the Larmor frequency is emitted, the mag 
netic component of Which induces current in the RF coil 15, 
the peak amplitude of Which varies With, among other 
things, the number of magnetic moments in the sample and 
hence the number of molecules in the sample. The received 














